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(54) Ha3Banne H3o6pe T eHHfl: CnOCOE 3IIHTAKCHAJII>H0r0 BblPAUtflBAHHJI HHTPHM AJIIOMHHHH H 
POCTOBA* KAMEPA flflX HEfO 

(57) Abstract: The invention relates to an epitaxial growing 
method for growing monocrystalline aluminum nitride from 
a mixture of nitrogen and aluminum vapors, said method 
comprising the following steps: a substrate (4) and a source 
of aluminum (5) are placed opposite to each other inside a 
growing chamber (3); said substrate is heated to a 
temperature ensuring the growth of monocrystalline 
aluminum nitride, whereby said temperature is maintained. 
Inside the growing chamber (3), the pressure of the mixture 
of nitrogen and aluminum vapors is maintained, whereby 
said pressure exceeds, by no more than 400 millibars, a 
lower threshold equal to the pressure generated within a 
closed space by a stoichiometric mixture of nitrogen and 
aluminum vapors formed by evaporation of the source 
material (5). The invention also relates to a growing chamber 
(3), whereby the material in contact with the source and the 
aluminum vapors of the surface inside said chamber is a 
solid solution of tantalum carbide in carbide. 
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(57) Pe<J>epar: 

Cnoco6 snHTaKCHanBHoro BbipamnBaHH* MOHOKpHCTannHHe- 

CKOrO HHTpH^a aJlK)MHHHH H3 CMeCH a30Ta H napOB aniOMHHHH 

BKHfonaeT pa3MemeHHe b poctoboh KaMepe (3) «pyr HanpoTHB 
npyra no^JioxKH (4) h hctohhhks (5) anioMHHHH r HarpeB h 
nonnepxaHHe pa6oHnx TeMnepaTyp HCTOHHHKa (5) h nonnoxKH 
(4), o6ecneHHBaJon^Hx pocT MOHOKpHCTanna HHTpana anioMHHHH 
Ha nofljioxxe ( 4 ) . npn stom naBJieHHe CMecH a30Ta h napoB 
anioMHHHH b poctoboh KaMepe (3) nonnepxHBaKT b HHTepBane 
400 MHJiJin6ap ot HHXHero 3Ha*ieHHH, paBHoro naBneHHio, co3- 
naBaeMOMy b 3 aMKHy tom 06-beMe CTexHOMeTpHnecKOH cMecbio 
a30Ta h napoB anioMHHHJi, o6pa3yeM£tx HcnapeHHeM MaTepHana 

HCTOHHHKa ( 5 ) . 

npennoxeHa pocTOBan xaMepa ( 3 ) , b kotopoh MaTepnan 

KOHTaKTHpy»meH C HCTOHHHKOM H napaMH ajIIOMHHH* noBepxHo- 

cth npencTaBjr^eT co6oh TBepflun pacTBop Kap6Hjja TaHTajia b 
TaHTane . 
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Cnoco6 anHTaKCHanBHoro B&ipaoiHBaHHK KHTpKna aniOMHHHK h 
pocTOBan KaMepa hhh Hero. 

OBJIACTB TEXHHKH 

5 Hacrojimee H3o6peTeHHe othochtch k c$epe npoH3BOflCTBa 

MOHOKpHCTannHnecKHx nonynpoBopHHKOBBix MaTepaajiOB nnsi 
aneKTpoHHOH xipomhiujighhocth f h b HacTHocTH f k anHTaKCHajiB- 

HOMy BHpamHBaHHK) H3 napOBOH $a3BI HHTpHna aJIK)MHHHH / 

HBJiHK>merocH nepcneKTHBHHM MaTepnanoM rjiji H3roTOBJieHH*i 

10 yCTpOHCTB Ha OCHOBe nOBepXHOCTHHX aKyCTHHeCKHX bojih, a 

TaKxe H3onnpyK)mHX nojqjioxeK nnx nojiynpoBOHHHKOBwx npn6o- 
poB, cnoco6HHx pa6oTaTB npH bhcokhx TeMnepaTypax . 

nPEfllllECTByiOmHH YPOBEHB TEXHHKH 

15 H3BeCTHK CnOCOSbl BBipamHBaHH* MOHOKpHCTaiinHHeCKOrO 

HHTpHfla a JIBDMHHHH , OCHOBaHHBie Ha OCaXfleHHH H3 napoBOH $a3bi 

HHTpH^a aniOMHHHH, o6pa3yiomerocH Ha nofljioacKe b pe3ynBTaTe 
XHMHHecKOH peaKtjHH MeTannopraHHHecicoro coeaHHeHH* aniOMH— 

HHH C dMMHdKOM • flOCTOHHCTBOM 3TOH rpyiHIBl CnOCo60B HBHiieT- 

20 ch oTHOCHTenBHO HH3KaH TeMnepaa?ypa , okojio 1000° C, npn ko- 

TOpOH npOHCXOflHT pOCT MOHOKpHCTaJIJia f HO flOCTHraeMaH CKO- 

pocTB pocTa cjiHniKOM Mana JXJ151 npoMumneHHoro B&ipanjHBaHHH 
oe'BeMHBrx KpucTannoB • 

K npyroH rpynne ciioco6ob, HcnonB3yeM£ix hjih BBipamHBa- 

25 HHH MOHOKpHCTaJIJlOB 6HHapHHX COGflHHeHHH , B ^aCTHOCTH Kap- 

6ana KpeMHHH r ho eme He nonynHBnmx nonxHoro pa3BHTH« npn- 

MeHHTeHBHO K BBipamHBaHHK) MOHOKpHCTaJIJIHHeCKOrO HHTpHJja 
aJliOMHHHH i OTHOCHTCH Cy6jIHMaiJHOHHfiie CnOC06&I OCHOBaHHHe Ha 

peKOM6HHaqHH Ha noHJioxice a30Ta h napoB anioMHHHH, nonyneH- 
30 hhx HcnapeHneM MaTepnana HCTOHHHKa, b KanecTBe KOToporo 

HCnOJIB3yK)T nOJIHKpHCTannHHeCKHH HHTpHH aniOMHHHH. H3BeCTHOH 

oco6eHHocTBio HHTpHfla anK)MHHHH HBJiHeTC^ to, hto ero TeMne- 
paTypa nnaBneHHH, H3BecTHa,H tojibko TeopeTHHecKH, 3HanH- 
TenBHo BBime TeMnepaTypH, npn KOTopon npoHcxojjHT ero pa3- 
35 noxeHHe Ha cocTaBJiHiomHe 3JieMeHTH. riosTOMy nepeHoc MaTe- 
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pnana HCTOHHHKa Ha nopnoxKy npoHcxoflHT c o6pa30BaHHeM 
a30Ta h napoB a jiiomhhhh , xoTopae 3aTeM pexoMSHHHpyiOT Ha 
noflnoxKe. Heo6xonHMHM ycnoBneM pocTa MOHOxpacTajuia hbhh- 
eTCH co3naHne pa3HOCTH TennepaTyp Mexay nonnoxxoii h 6onee 
rop*HHM hctohhhkom • Ran HarpeBa HCTOHHHKa Hcnoni>3yeTCH 
HHRyKqaoHHHH CBH HarpeBaTenB Tnrnn HCTOHHHKa, ctghkh ko- 
Toporo b 3tom cnynae BHnonHHEOTCH H3 sneKTponpoBOflHoro Ma- 
TepHajia, hh6o o6hhhhh pe3HCTHBHMH 3JieKTpHnecKHH HarpeBa- 
TenB. 

OCHOBHKMH npeilHTCTBHHMH B BHpailJHBaHHH o6«BeMHHX MOHO- 

KpncTajinoB HHTpnna aniOMHHH* 6onBniHx pa3MepoB cy6nHMaqnoH- 
hhm MeTonoM HBHHeTCK He3HaHHTenBHa* ckopoctb pocTa , jjaxe 
npn TeMnepaTypax okojio 2000° C, h BLicoxa* arpeccHBHocTB 
napoB an»MHHHH npn sthx TeMnepaTypax no OTHomeHHio k MaTe- 
pnany tuvtik. H3BecTHO HcnonB30BaHHe t3khx MaTepnanoB KaK 
BonB^paM, rpa$HT h rpa$HT, noxpHTHH nneHxofi KapSnoa xpeM- 

HH#. 

Han6onee 6jih3khm k npennoxeHHOMy H3o6peTeHHK) KBjineTCK 
cySnHMaqHOHHHH cnoco6, onncaHHBiH b ctatbg C. M. Balkas et 
al. "Growth of bulk A1N and GaN Single Crystals by 
Sublimation" , Materials Research Society Symposium 
Proceedings Vol. 449, 1997. (CM. Eanxac n fl p. 
"Cy6nnMaijHOHHoe BHpanjHBaHHe o6i>eMHiax MOHOKpacTannoB A1N h 
GaN", ony6nHKOBaHHan b Tpynax CHMno3HyMa 06meca?Ba nccne- 
HOBaHH* MaTepnanoB, tom 449, 1997, OKA). B stoh pa6oTe 
npHBOjjHTC* onncaHHe sxcnepHMeHTOB no BupamHBaHHK) mohoxph- 
cTannoB HHTpnfla sjiiomhhhh b rpa$HTOBofi xaMepe c pe3HCTHB- 
hkm HarpeBaTeneM. nonnoxxa ycTaHaBUHBanacB b xaMepe axcH- 

aHBHO C nOBepXHOCTBK) HCTOHHHXa Ha pa3HHHHKX paCCTOHHHHX 

ot Hee b npe^enax ot 1 no 40 mm. B xone axcnepuMeHTOB 6bi- 
na ycTaHOBneHa HenpnroflHocTB HHCToro rpa$HTa b xanecTBe 
MaTepaana nnn THrn*, xoTopHH pa3pymancH b pe3ynBTaTe pe- 
axijHH rpa^HTa c napaMH aniDMHHHK npHBORHBineH k o6pa30BaHH© 
Kap6H«a aniOMHHHH (A1 4 C 3 )- BnpamHBaHHe npoBonnnocB c hc- 
nonB 30BaHHeM rpa$HTOBHx THrnen c noxpHTHeM hs xap6Hjja 
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KpeMHHH (SiC), KOTOpBie 06ecneHHBaJlH B03MOXHOCTb ORHOKpaT- 

Horo npoBeneHHH npoqecca npononsHTenbHocTbio 10-15 nacoB 
npH rreMnepaTypax 6jih3khx k 2000°C. 3a sto BpeM* nponcxo- 
nnno pa3pymeHHe SiC hokphthh BcnencTBHe p(H$$y3HH anwMHHHK 
5 CKB03B noKpbiTHe h ero peaKiiHH c rpa^HTOM. JJjih nonyneHH* 
CTa6HHBHOH CKopocTH HcnapeHHH b KaHecTBe MaTepnana HCTOH- 
HHKa Hcnont30BancH npeccoBaHHHH noporaoK nonHKpHCTajinHHe- 
CKoro HHTpana a jiiomhhhh , a b KanecTBe 3aTpaBOHHoro KpH- 
CTanna iiohjioxkh HcnonB30Banca Kap6nfl KpeMHHH. BtipamHBaHHe 

10 ocymecTBnHnocB npn TeMnepaTypax b nnana30He 1950 - 2250°C 
h nponyBKe KaMepH a30TOM npn ^hkchpobshhom HaBneHHH 500 
Topp ( npH5nH3HTenbHO 670 MHJinH6ap) . 

Taxoe naBJieHHe BBOflHMoro h3bhg a30Ta co3flaeT 3HanH- 
TejiBHMH h36bitok a30Ta b cocTaBe napoBOH $a3H no CpaBHeHHHD 

15 c cocTaBOM, nonynaioiqHMCH npn ncnapeHHH HHTpnna anioMHHHH 
HCTOHHHKa • PacHeT noKa3HBaeT, hto naBneHHe napoB HHTpnna 
a jiiomhhhh f o6pa3yiomHxc5i b ycnoBHJix SKcnepHMeHTa npn TeMne- 
paType 2250° C, nocTuraeT tohbko BenHHHHH 200 MHJiJinSap. 

B yKa3aHHOH BHine pa6oTe yTBepxnaeTcn , hto hhtphh an»- 

20 mhhh53 o6nanaeT oco6eHHOcTBK), saKnronaiomeHCH b "oneHb bhco- 
kom paBHOBecHOM naBneHHH napoB a30Ta npn yMepeHHHx TeMne- 
paTypax" • 

Korna pent HjjeT o "bbicokom" paBHOBecHOM naBneHHH napa 
ORHoro H3 sneMeHTOB 6HHapHoro coeaHHeira*, HcnapnioqerocH c 
25 pa3noxeHHeM Ha oneMeHTH, cneqHanncTy b flaHHofi o6nacTH 

TeXHHKH nOHOTHO, <ITO HMeeTCH B BHfly CpaBHeHHG paBHOBeCHHX 

napqnanBHBix ^aBneHHH napoB sneMeHTOB 9Toro coe^HHeHHH b 
3&MKHyTOH CHCTGMe r HaxoCTeHCK b TennoBOM paBHOBecHH. qa- 
THpoBaHHoe BBime yTBepxaeHne, oTHoenmeec* k HHTpn^y anoMH- 
30 hh^ r o3HanaeT f mto KOHi^eHTpaqHH stomob a30Ta b napax hht- 
pHfla anioMHHHH 3HanHTenBHO npeBBimaeT KOHijeHTpaqnio aTOMOB 
a jidmhhhh • nocJiejjHee MOxeT HMeTB MecTo tojibko b cny^ae, 
ecnH b 3dMKHyTOH cHCTeMe paBHOBecHoe naBneHHe napoB ycTa- 

HaBJIHBaeTCH TaKHM 06pa30M, HTO aTOMH aJIIOMHHHH H3 napoBOH 

35 $a3H, MHHy« peKOM6HHaqH» c a30TOM, nepexo«5iT b xn^Kyio $a- 
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3y anoMHHHH. OneBH^HO, co3jqaHHe BHCOKoro $OHOBoro fl aBne- 

HH* a30Ta B 3THX SKCIiepHMeHTdX npOHHKTOBaHO CTpeMJieHHeM 

H36exaTB onacHocTH o6pa30BaHHH xhhkoh $a3u (KaneiiB) an»- 

mhhhk b npoqecce BHpamHBaHHH Ha pOCTOBOH nOBepXHOCTH MO- 

HOKpHCTanna h cTeHKax KdMepu h sthm H36exaTB noTeps anio- 

MHHHH r a TaKXe B03MOXHOrO npH 3TOM 06pa30BaHH* fle^eKTOB 

KpHCTannHHecKOH CTpyKTyp&i . 

OflHaKO, npH 3Ha^HTenBHOM H36BiTKe a30Ta b CMecn a30Ta 
h napoB anioMHHHH neacTByeT MepneHHBiH flH$$y3HOHHHH Mexa- 
hh3m nepeHoca MaTepaana HCTOHHHKa k nonnoxKe, npnneM 
HMeHHo ckopoctb nepeHoca orpaHHHHBaeT ckopoctb pocTa mo- 
HOKpHCTanna . 

B onncaHHOM SKcnepHMeHTe BipamHBaHHio npn TeMnepaType 
2250 °C npen^TCTBOBano 6biCTpoe HcnapeHHe Kap6n;qa KpeMHH* 
noicpBiTH* THrn*. BbipanmBaHHe npoflonxHTexiBHOcTBio 15 nacoB 
co CKopocTBio 30-50 MKM/nac ocymecTBnHnocB b TeMnepaTypHOM 
fluanasoHe 1950-2050°C. OueHKa ckopocth pocTa 0.5 im/nac b 
TeneHne HenpononxHTejiBHoro BpeMeHH BbipamHBaHH* 6bina nony- 
HeHa n P H TeMnepaType HCTOHHHKa 215 0°C, paccTOHHHH Mexay 
nonnoxKOH h hctohhhkom 4 mm h nonnepxaHHH TeMnepaTypu 
nonnoxKH Ha BejiHHHHy He MeHee 70 °C Hnxe TeMnepaTypsi hc- 

TOHHHKd . 

06ecneHeHHe SHanHTenBHOH pasHocTH TeMnepaTyp noflnoxKH 
h HCTOHHHKa npejqcTaBJiHeT co6oh TexHH^ecKyK) npo6neMy b 
cnynae Manoro paccTOKHHH Mex«y hhmh, KOTopa* MoxeT 6bitb 
pemeHa c noMomBio cjioxhbix KOHCTpyKTHBHbix yxnmpeHHH h tohb- 
ko ijeHofi HenpoH3BonHTenBHbix 3aTpaT SHeprHH, Tax kslk npH- 
xohhtch npHHHMdTB MepH npHHynnTenBHoro oxnaxAeHHH nonnox- 
kh, HarpeBaeMOH TennoBBiM H3nyneHHeM ot HCTOHHHKa. KpoMe 
Toro cneflyeT otmcthtb, hto noBbimeHHe pa6oneH TeMnepaTypsi 

HCTOHHHKa H CB*3aHHOH C Heii TeMnepaTypbl HOflnOXKH xoth h 

o6ecneHHBae T yBennneHHe cko P octh pocTa MOHOKpncTanna hht- 
pH^a aniOMHHHH, ho, noMHMo noBbimeHHoro pacxona SHeprHH, 
npHBOHHT Ta*xe k pesKOMy coKpameHHio cpoKa cnyx6H T ex qac- 
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Teii o6opyHOBaHH*, KOTopae pa6oTaiOT npn sthx bhcokhx t©m— 
nepaTypax . 

PACKPHTHE H30BPETEHHH 
3ananeH HacTOjmjero H3o6peTeHHH aBnxeTcx co3naHHe 
cnoco6a h ycTpofiCTBa pn« BHpanjHBaHHJi MOHOKpHCTannHecKoro 

HHTpHna aTIIOMHHH^, KOTOpHH n03B0JlHH 6fiJ flOCTHHB BB1COKOH 

ckopocth pocTa MOHOKpacTanna npH hgbhcokhx Tpe6oBaHHHx k 
TaKHM napaMeTpaM npoqecca, KaK p'a6ona5i TeMnepaTypa hctoh- 
HHKa, paccTOHHHe h pa3HocTB TeMnepaTyp Mexjqy noflnoxKoii h 

HCTOHHHKOM f H npH 3TOM II03B0JIHH BHnOJIHOTB MHOrOKpaTHOe 

BupaniHBaHHe o6*BeMHbix MOHOKpHCTannoB 6e3 3aMGH£i HacTea hc- 
nojiB3yeMoro oSopyflOBaHH* , hto, b kohghhom cneTe, o6ecne- 
hhjio 6h npoMBiraneHHyio npHMeHHMOCTB cnocoSa. 

3Ta 3a«ana pemaeTc* TeM, hto b cnoco6e snHTaKcnanBHo- 

rO BbipamHBaHHH MOHOKpHCTaiinHHeCKOrO HHTpHRS aniOMHHHH H3 

cmgch a30Ta h napoB a jtiomhhhh , BKn»HaiomeM pa3MenjeHHe b 
Poctoboh KaMepe npyr HanpoTHB «pyra nonnoxKH h HCTOHHHKa 
anroMHHHK, HarpeB h nonnepxaHHe TeMnepaTyp acTOHHHKa h 
nofljioxKH, o6ecneHHBaDmHx, cootbstctbshho f o6pa30BaHHe na- 
poB aniOMHHHK b cocTaBe CMecH h pocT MOHOKpHCTanna HHTpnna 
ajiBOMHHHH Ha noflnoxKe, corjiacHo H3o6peTeHHK) , paBneHHe CMe- 
ch a30Ta h napoB anioMHHHH b poctoboh KaMepe noanepxHBaioT 
b HHTepBane 400 MHnnn6ap ot HHXHero 3HaneHHH paBHoro HaB- 
neHHK) f co3BaBaeMOMy b 3aMKHyTOM oS'BeMe CMecBio o6pa3y©mHx~ 
c* npn TeMnepaType HCTOHHHKa napoB aniDMHHHH c a30TOM, 
HMeioqeH oflHHaKOBHe KOHiieHTpaijHH stomob a30Ta h anwMHHH^ • 

ComacHo HacTonmeMy H3o6peTeHHio, BBipamHBaHHe mohokph- 
CTanna HHTpnna anioMHHHH ocymecTBranoT 6e3 HcnonB30BaHHH b 
npoijecce pocTa BNcoKoro $OHOBoro naBneHHH a30Ta, co3flaio- 
mero 3HaHHTenBHHH h36htok KOHijeHTpaqHH aTOMOB a30Ta no 

CpaBHSHHK) C aTOMaMH ailJOMHHHH B COCTaBe CMeCH. 

B ycnoBHHx 3HaHHTenBHoro H36HTKa a30Ta b cocTaBe cMe- 
ch ckopoctb pocTa MOHOKpHCTanna orpaHHHeHa CKOPOCTBK) flH$- 
$y3HOHHoro nepeHOca aTOMOB anioMHHHK ot HCTOHHHKa k nofl- 
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noHKe. Catenae B36 HTK a asoTa b cocTaBe cuecH qo Benanaa, 
Korna ee xonaHecTBeaHbia cociaB npa6na K aeTc* k cTexaoMeT- 
pHHecKOMy cooraomeHHB KoaqeHTpaqaa aTOMOB aso-ra a aniOMa- 
aaa, cooTBeTCTByiomeMy «n* aaTpaqa amoMaaa* oqaHaKOBHM hx 
KOHqeaT P aqa*M, npaBoqa* k MHoroKpaTHOMy ysenHtieHHio cxopo- 
cth pocTa MOHOKpncTanna HBTpaqa amoMBBHH. 

VBenHMeHHe cKopocTH pocTa npoacxoqaT b pesynBTaTe xa- 
HecTBeHHoro asMeaeaan MexaHBSMa nepeaoca aTOMOB a jiiomhhhh . 
npn npn6naxeaaa k c-rexaoMeTpaiecKOMy cooTaomeaaio xoaqea- 
•rpaqaa aTOMOB asora a a jiiomhh hh aaq npoqeccoM qa<i>$>y3aoHBo- 
ro nepeHOca aaHHaae* npeo6naqaa.B kohbskthbheih nepeaoc, 
B H paxaK)n, H HCK b aanpasneaaoM hbhxshhh 3tomob , cocTasnHtomax 
nap H HCTOiHHKa k oonee xonoqaoa noqnoxxe. B cnyvae CMeca 
asoTa h napes stiiomhhhh , KaK ycTanoBneao aBrropaMa, HBneaae 
KOHBeKTHBHoro nepeHoca npoHBUHSTCH oneHB chhbho a conpo- 
BoxnaeTCK 3HaHHTSJiBH6iM ysenHHeHHeM ckopocth nepeHoca M a- 
Tepaana acTOHaaica k noqnoxxe. 3 TO npaBoqaT k yBenaneaaK) 
ckopocth poc-ra MoaoxpacTanna , KOTopan b nepsyjo onepeqB 
orpaaaHeaa cxopocTBE nepeHoca. 

npn pa6oHHx TeMnepa^ypax BapamaBaaa* asoT npacyTCTBy- 
e* b napoBofi $a 3 e b B Hfl e wonexyn N 2/ h cooTHomeHHe napqa- 
ajiBHBix qaBJieHHH asoTa h napoB amoMaaa* b hx CTexaoMeTpa- 
Hecxoa cm6ch paBHo 1:2. BcneqcTBHe 3Toro, HHXHee SHaneaae 
aaqaaaoro aaTepsana qaBneaaa b nonTopa pa 3 a npeBocxoqaT 
napqaanBaoe qaBneaae napos anoMaaa*, oSpasyeMax acnapeaa- 
eM Ma-repaana acTo^aaxa b saMxayTOM o6-BeMe. 

qenecoo6pa3ao, noqqepxaBaTB qaBneaae cMeca aso-ra a 
napos anioMHaa* b xaMepe BnasxaM k HHsaewy saaneaHK, saqaa- 
aoro HHTepsana, cooTBeTCTByiomeMy CTexHOMeTpanecxoMy coot- 
Homeaaio KoaqeHTpaqaa stomob asoTa h an»MHHHH b CMeca, npa 
kotopom ckopoctb pocTa MOHOxpacTanna HHTpaqa an™ 
qocTaraeT MaxcaMyiia . 

Ohhhm hs bosmoxhhx nyiea peanasaqaa H3o6pe T eHan * B n«- 
eTCK TaKOH, xorqa b Ka^crae Mao-epaana acTonaaxa amoMaaan 
acnonBsyioT Hn T paq amoMaaan, pocTosyio xanepy qo aanana H a- 


WO 01/11116 



PCT/RU00/00331 


7 


rpeBa BaKyyMHpyK>T h repMeTHSHpyoT, h npoBOjq^T BbipaqHBaHHe 
MOHOKpHCTauna HHTpnaa anioMHHHH npn HHXH6M 3HaHeHHH 3ajjaH- 
Horo HHTepBaoia naBneHHH cmoch a30Ta h napoB a jiiomhhhh f 
co3flaBaeMOH b poctoboh KaMepe HcnapeHHeM MaTepnana hctoh- 

5 HHKa . 

ABTopaMH ycTaHOBneHo, hto npoqecc ncnapeHHH h nocne- 
nyjomea peKOM6HHaqHH napoB HHTpHfla anioMHHHH HCTOHHHKa b 
repMeTHHHOH poctoboh KaMepe npoHcxojjHT 6e3 o6pa30BaHHJi 
XHflKOH $a3H a JU0MHHH5I . B repMeTHHHOH poctoboh KaMepe npn 

10 HCnapeHHH HHTpH^a aJIBMHHHJI HCTOHHHKa C03EaeTC*I CTeXHOMeT- 

pHHecKan CMecB a30Ta h napoB anroMHHH5i, to ecTB pocT moho- 
KpHCTanna nponcxoRHT npn aaBjieHHH cmgch paBHOM HHXHeMy 
3Ha46H0K) 3aflaHHoro HHO?epBana naBneHHH, npH kotopom neiicT- 
ByeT MexaHH3M KOHBeKTHBHoro nepeHoca, o6ecneHHBa©mHH MaK- 
15 cHManBHyio ckopoctb pocTa, 

flpyroii BapnaHT peanH3aijHH coctoht b tom, hto b Kane- 
ctbg MaTepnana HCTOHHHKa anioMHHrfH HcnonB3yK)T hhtphh anio- 
mhhh^i , pocroByio KaMepy , coo6maiomyK>cji c. BHemHHM npocTpaH- 
ctbom, noMeiqaKJT b aTMOc^epy a30Ta, RaBneHHe KOToporo non- 
20 nepxHBaiOT B npenenax 3anaHHoro HHTepBana naBneHHH BHyTpn 

POCTOBOH KdMepbl , 

B cnynae HcnojiL30BaHHH HHTpnna amoMKHH* b KanecTBe 
MaTepHana HCTOHHHKa b HerepMeTHHHOH poctoboh KaMepe , non- 
HepxaHHe 3anaHHoro KonnnecTBeHHoro cocTaBa cMeca BHyTpH 
25 poctoboh KaMepH/ nyo?eM co3HaHH.H 3anaHHoro $OHOBoro naBJie- 
hhji a30Ta CHapyxH, no3BonneT npH6nH3HTB ckopoctb pocTa 
MOHOKpncTaJiJia k ^ocTHraeMOH c noMonjBK) repMeTHHHofi pocto- 
boh KaMepia. npn 3tom HcnonB3yeTCH 6onee HemeBHH h TexHo- 

JIOI7H1HbIH B OTHOmeHHH FIOBTOpHBIX B&ipaH{HBaHHH BapHaHT 6e3 

30 repMeTH3aqHH poctoboh KaMepH. 

Enje oflHH BapHaHT peanH3aqHH coctoht b tom, hto b Ka- 
necTBe MaTepnana HCTOHHHKa anioMHHHJi HcnonB3yioT MeTanjiHne- 
ckhh anioMHHHH, pocTOByio KaMepy , coo6maH)myiocH c BHemHHM 
npocTpaHCTBOM, noMemaKT b aTMoc$epy a30Ta, naBneHHe koto- 

35 poro noflnepsHBaoT b npeaenax 3anaHHoro HHTepBana naBJieHHH 
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BHyTpH poctoboh KdMepH. B stom cnynae a30T nocTynaeT b 

COCTaB CM8CH H3BHe pOCTOBOH KdMepH . 

Hctohhhk, conepxaniHH MSTajinHHecKHH anoMHHHH, o6ecne- 
HHBaeT b TeMnepaTypHOM nnana30He HHxe 2400°C 6ojiBmyio cko- 

pOCTB pOCTa MOHOKpHCTajIJia , <jeM HCTOHHHK, MaTepnanoM KOTO- 

poro cnyxHT hhtphh cuiiomhhhh . 

nocTaBJieHHan 3anana pemaeTC* Taicxe TeM, hto b pocto- 
boh KaMepe nnx anHTaKcaanBHoro BnpamHBaHHH MOHOKpHCTajuiH- 
necKoro HHTpnna aniMiHHiw H3 cMecH a30Ta h napoB anBMHHHfl, 

BHnOJIHeHHOH C BO3MOXHOCTBI0 pa3MemeHH.fi BHyTpH Hee HCTOHHH- 

xa anioMHHHH h nonnoxKH, HarpeBa h nonaepxaHHH TeMnepaTyp 
HCTOHHHKa h nonnoxKH, o6ecneHHBa»mHx pocT MOHOKpHCTanna 
HHTpnna aji»MHHHH H a nonnoixe, cornacHo H3o6peTeHH», MaTe- 
paan KOHTaKTHpyamen c hctohhhkom h napaMH ajuoMHHH* no- 
BepxHocTH poctoboh KaMepH npencTaBn^eT co6oh TBepnHH pac- 
tbop Kap6»Ha TaHTana b TaHTane. 

ABTopaMH o6HapyxeHO, hto TaHTan (Ta) , JiernpoBaHHHH 
yrneponoM npeqcTaBjwieT co6oh MaTepnan peaKnnoHHo ctohkhh 
no OTHomeHHio k pacnnaBy ajiMMHHHJi h ero napaM npn TeMnepa- 
Typax no MeHtmeH Mepe no 2500° C. IIpHMeHeHHe TaKoro M a T e- 
pnana BHyrpeHHeH noBepxHOCTH poctoboh xaMepa o6ecneiHBaeT 
bo3moxhoctb MHoroKpaTHoro HcnojiB30BaHHK poctoboh KaMepia 
naxe b cjiynae, Korna b KaiecTBe hctohhhk3 ajiiDMHHHH hc- 
nonB3yeTCH MeTanjiHHecKHH a jibdmhhhh . 

KPATKOE OI1HCAHHE fcHTYP HEPTEXEfi 
fnr.l cxsMaTHHscKH H3o6paxaeT ycTpoacTso nna BiapamH- 

BaHHH MOHOKpHCTajIJia HHTpHHa aJIMMHHHfl; 

4>nr.2 H3o6paxaeT TeMnepaTypHae 3aBHCHMocTH naBneHHH 
CTexHOMeTpHHecKOH CMecH asoTa h napoB aniOMHHHH b saMKHy- 
tom o6Be M e hjw n B yx pasjiHMHEix MaTepnajioB hctoihhk3 amoMH- 
HH«; 

*nr.3 Hso6paxaeT ceMeficTBo kphbhx 33bhchmocth cKopo- 

CTH pOCTa MOHOKpHCTajIJia HHTpHfla aniOMHHHH OT BejIHHHHH H aB- 

JieHHH CMecH asoTa h napoB aniOMHHHH hjih Tpex pasiiHHHHx 
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TeMnepaTyp npn ncnoni>30BaHHH HHTpufla aniOMHHHH b KanecTBe 
MaTepnana HCTOHHHKa a. jibomhhhh » 

BAPHAHTH OCymECTBJIEHHH H30EPETEHH* 
BBipa^HBaHHe MOHOKpHCTanna HHTpnna aniOMHHHH npoBoq^T c 
noMoq&K) ycTpoHCTBa t H3o6paxeHHoro Ha fcnr.l. Yctpohctbo 
HMeeT Kopnyc 1, BBinonHeHHHH f HanpHMep, H3 KBapqa, b no- 
jiocth 2 KOToporo ycTaHOBneHa pocTOBa* KaMepa 3 b $opMe 
qnnHHnpa, 3aMKHyToro jjByM* TopqeBHMH cTeHKaMH. Ha ohhoh 
H3 TOpqeBHX CTeHOK pOCTOBOH KaMepa 3, KOTOpa* MoxeT 6htb 

BBinoiiHeHa b BHne cseMHofi kphiiikh, ycTaHaBnHBaioT noanoxKy 
4. B KanecTBe MaTepnana noAnoxkn 4 HcnonB3y»T mohokph- 
cTanjiHHecKHH hhtphh aniDMHHH* hhh Kap6nn KpeMHH*, HMeiomHH 

6jIH3KyK> C HHTpHAOM aniOMHHHH KpHCTaJIJlHHeCKyK) cTpyKTypy . 

HanpoTHB noqnoxKH 4 b poctoboh KaMepe 3 pa3Mema©T hctoh- 
hhk 5 an»MHHHH. HHflyKqHOHHHH HarpeBaTejib 6 coqepxHT qn- 

JIHHnpHHeCKOH $OpMH npHGMHHK 7 HHflyKIJHOHHBIX TOKOB, BHnOJl- 

HeHHHH H3 sneKTponpoBOflHoro rpa$HTa, h nnTaeMHe pa3qenBHO 
ceKi^HH 8 h 9 CBH KaTymeK. npneMHHK 7 OKpyxeH TennoH3ontf- 
TopoM 10 , MaTepnanoM qnn KOToporo MoxeT cnyxHTt, HanpH- 
Mep, nopncTHfl rpa$HT. TaKan KOHCTpyKqHH poctoboh KaMepa 
oSecneHHBaeT bo3moxhoctb HarpeBa HCTOHHHKa 5 aniOMHHHH no 
TeMnepaTypa He MeHee 2500° C c noMomBK) ceicqHH 9 HarpeBaTe- 
n*. HarpeB noflnoxKH 4 oTflenBHoft ceKqneH 8 no3Bon*eT co3- 
flaBaTB 3anaHHyK> nonoxHTenBHyio pa3HocTB TeMnepaTyp Mexqy 

HCTOHHHKOM 5 H nO^HOXKOH 4 . 

KOHCTpyKIJH*: pOCTOBOH KaMepH 3dBHCHT OT pa3MepOB MOHO- 

KpncTanjiOB f no KOTopax hx npeqnonaraeTC* BBipamHBaTB. flnn 

BBipamHBaHHil MOHOKpHCTaJIJIOB 60JIBmOH TOnilJHHH , flO HeCKOJlBKHX 

aecHTKOB MHJiJiHMOTpoB , HH^yKqHOHHHH HarpeBaTenB MOSeT 66ITB 
BBinonHeH nepeMemaeMHM bj^ojib poctoboh KaMepa c TeM, hto6bi 
co3flaBaeMoe hm none TeMnepaTyp moxho 6ano CMemaTB no Mepe 

H3MGH6HHH nOJIOXeHHH pOCTOBOH nOBepXHOCTH MOHOKpHCTaJTJia , 
COXpaHH* 3THM nOCTOHHHBie ycnOBH* JWX pOCTa. HHnyKIJHOHHNH 

HarpeBaTenB MoxeT He coqepxaTB pa3fleni>HHx ceKqafi 8 h 9, 
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ecnH KOHCTpyxqHK poctoboh KaMepa no3Bon«eT o6ecnenHTB 
Tpe6yeMyio pa3HOCTB TeMnepaTyp Mexny hctohhhkom 5 h non- 
hoxkoh 4. BMecTo HHjqyKijHOHHoro moxst 6htb HcnonB30BaH pe- 

3HCTHBH5IH HarpeBaTeHB , pa60HHH SJieMeHT KOTOporo OXBaTBiBa- 

eT o6nacTB pa3MemeHHH HCTOHHHKa a judmhhh.ji . 

Una yBejraneHH* ckopocth pocTa MOHOKpHCTanna BennnHHy 
pa3HOCTH TeMnepaTyp HCTOHHHKa 5 h nonnoxKH 4 xenaTenBHo 
nonnepxHBaTB paBHofi HecKOJiBKHM necOTKaM rpanycoB, npH 

3TOM paCCTOHHHe MeXRy HCTOHHHKOM 5 H nORJIOSKOH 4 C 3TOH 

xe qejiBio cne^yeT ycTaHaBHHBaTB bo3moxho MeHBme. 3th jjBa 
Tpe6oBaHHH npoTHBopenaT npyr npyry, TaK ksk npn ManoM 

paCCTOKHHH MeXfly HCTOHHHKOM H nOflHOXKOH 3aTpyjqHHTeJIBHO 

o6ecneHHTb 3HaHHTenBHyio pasHocTB TeMnepaTyp M ex«y hhmh 
BcneflCTBHe pa^Ha^HOHHO^o HarpeBa nonnoxKH 4 ot HCTOHHHKa 
5. 3to npoTHBopenne mokgt 6bitb npeononeHO, ecnn npHHOTB 
cneqHajiBHHe Mepsi no oxjiaxneHHio hohjioxkh, ho sto npHBOflHT 
k HenpoH3BOAHTenBHHM noTep^M SHeprHH. Be3 hphhhthh TaKHx 
Mep, b nopnflKe KOMnpoMHeca, uenecoo6pa3HO BH6npaTB pac- 
CTO^HHe Mexny hctohhhkom h nojqnoxKoii b npe^ejiax 3-10 mm 
npn pasHocTH TeMnepaTyp b npenenax 10 - 30° C, cooTBeTCT- 

BeHHO . 

CTeHKH pOCTOBOH KaMepfil 3 BHIIOJIHeHH H3 TaHTana, BHyT— 

peHH** noBepxHOCTB CTeHOK nernpoBaHa yrnepoflOM. JlernpoBa- 
HHe yrnepo«OM npoBO«HTCH cneayiomHM o6pa30M. PocTOByio K a- 
Mepy 3 3anonHHK)T nopomKOM rpa$HTa h MenneHHo HarpeBaioT no 
2200-2500°C. TeMnepaTypy noB&imaiDT c nocTOHHHofi ckopoctbio 
b TeneHae 1-3 nacoB h 3aTeM BBinepXHBaioT pocTOByio KaMepy 
3 npn MaKCHMaJiBHOH TeMnepaType eme b TeneHHe 1-3 nacoB. 
B pe3yjiBTaTe TaKofl o6pa6oTKH MaTepnan BHyTpeHHen noBepx- 
hocth CTeHOK poctoboh KaMepm 3 npeflCTaBnneT co6oh nepe- 
MeHHWH no rny6HHe ot noBepxHocTH TBepnHH pacTBop Kap6nna 
TaHTana b TaHTane. IIonyHeHHNH TyronnaBKHH MaTepnan, K aK 
ycTaHOBneHo aBTopaMH, He BCTynaeT b pea^Hio c anioMHHHeM 
npn TeMnepaTypax no MeHBraefi Mepe no 2500° C, hto o6ecneHH- 

BaeT B03MOXHOCTB MHOrOKpaTHOPO npOBe H eHH* ijhkjiob BBipamH- 
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BSHHH MOHOKpHCTajIJIOB HHTpHpa. aJIK>MHHH.H B TdKOH pOCTOBOH 

KaMepe 6e3 3aMeHH hjih peMOHTa ee nacTeii. ripn 3tom BaxHO, 
hto BHyTpeHHHe CTeHKH poctoboh KaMepH 3, o6pa6oTaHHHe 
onHcaHHHM cnoco6oM, npaKTHnecKH He axjcop6HpyK)T aniOMHHHH h 
5 iio3boji5ik)t HcnonB30BaTB b KanecTBe MaTepnana hctohhhks 
aji»MHHH^ MeTannHnecKHH anioMHHHfi. 

B BapnaHTe B&ipanjHBaHHii MOHOKpHCTanna H3 napoB HHTpHjja 
anioMHHHH HCTOHHHKa b repMeTH3HpoBSHHofi poctoboh KaMepe 
npoqecc ocymecTBJiHiOT cneflyiomHM o6pa30M. flo Havana Harpe- 
10 sa, nonocTB 2, j\nsi ynaneHHH H3 Hee aTMoc$epHBix ra30B, 
nponyBaioT hhcthm a30TOM npH otkphtoh poctoboh KaMepe 3 • 
A30T H3 nonocTH 2 OTKaHHBa»T , h pocTOByio KaMepy 3 repMe- 

TH3HpyK)T r HanpHMep, MeTOflOM BakyyMHOH CBapKH • B03MOXHO 

TaKxe npoH3BOflHTi> OTKaHKy h repMeTH3aqnio poctoboh KaMepw 
15 3 no ee ycTaHOBKH b nonocTH 2. OTKa^Ky poctoboh KaMepn 3 

EipOH3BOflHT flO BeJIHHHHH OCTaTOHHOrO HaBTieHHH a30Ta f ManOH 

no cpaBHeHHio c 3anaHHOH Benn^HHOH HHTepBana otkjioh6hhh ot 

HaBJieHHH CTeXHOMeTpHHeCKOH CMeCH . IIpaKTHHeCKH , flOCTaTOH- 
HOH HBJIHeTC* BeJIHHHHa OCTaTO^HOrO HaBJieHHH a30Ta B He- 
20 CKOJIBKO eflHHHq MHJIJIH6ap • 

3aTeM, c noMOiQBio HarpeBaTejra 6 hctohhhk 5, BBjnonHeH— 
hbih b BHjje 6pHKeTa cnpeccoBaHHoro H3 nopomKa nojiHKpHCTan- 
HHHecKoro HHTpnna aniOMHHH^, h nojqjioxKy 4 HarpeBaioT no 
pa6oHHX TeMnepaTyp, npH kotophx nponcxoHHT RajiBHeHniHH 

25 npoqecc BHpamHBaHHJi . Pa6oHHe TeMnepaTypa, npn kotophx qe- 
necoo6pa3HO npoBojjHTB BHpanjHBaHHe HHTpnna anmMHHHH nexaT 
b HHTepBane 2000-2500°C. 

B npoqecce HarpeBa HCTOHHHKa 5 HanaJiBHoe aaBJieHHe b 
Poctoboh KaMepe 3, co3naBaeMoe ocTaBmHMc* nocne oTKa^KH 

30 a30TOM r B03pacTaeT no Mepe HcnapeHHH MaTepnana HCTOHHHKa 
5. HcnapeHHe HHTpH^a anioMHHHH HCTOHHHKa 5 nponcxoHHT CTe- 
XHOMeTpHHecKH, to ecTB , npH TennoBOM pa3noseHHH MoneKyjiH 
A1N o6a sneMeHTa nepexoq*T b napoByio $a3y. 06pa3OBaHH* 
xhjjkoh 3>a3H aniOMHHHH He npoHcxo^HT. npn 3tom, ecnH npe- 

35 He6penB HeSonBfflHM Ha^anbHKM conepsaHHeM a30Ta, KOHqeHTpa- 
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« HH a-TOMOB B30T3 H dllDMHRBil B poCTOBOfi KaMepe 3 - OqHHa- 

kobbi, to ecTB b eqwHHqe o6-&eMa npHcyTCTByioT paBHBie kojih- 

HeCTBa dTOMOB a30Ta H 3TOMOB aJIlOMHHHH . 

TaKHM o6pa30M, BHpamHBaHHe MOHOKpHCTanna HHTpnqa ann- 

MHHHH B repMeTH3HpOBaHHOH pOCTOBOH KaMepe 3 npOHCXOflHT 

npn hhxhsm 3HaieHHH onpeqejmeMoro $opMynofi H3o6peTeHH* 
HHTepBana qaBjieHHH ciiecn a30Ta h napoB anioMHHH«, cooTBeT- 
CTByiomeM CTexHOMeTpHnecKOMy cooTHomeHHio KOHqeHTpaqnH aa?o- 

MOB a30Ta H aJIBOMHHHH B CMeCH. 

B cnynae CTexnoMeTpHiecKoro cocTaBa cMecn a30Ta h na- 
poB aniOMHHHH npoacxoflHT KOHBeKTHBHHH nepeHoc MaTepnana 
HCTOHHHxa 5 H a nonnosxy 4, npeqcTaBJwnonmH co6oh Hanpas- 
neHHoe qBHxeHHe stomob anioMHHHH h MoneKyn a30Ta ot hctoh- 
HHKa 5 k nonnoxKe 4, h nosTOMy 3HaiHTenBHo 6onee 6hctphh 
neM HH$$y3HpHHHH nepeHoc. 

npH flH$$y3HOHHOM nepeHoce ckopoctb poc-ra MOHOKpncTan- 
na orpaHHHHBaeTc* ckopoctb© nepeHoca MaTepaajia HCTOHHHxa 
5 k noflnoxxe 4, o6paTHO nponopqaoHanBHoii paccTOHHHio iiexqy 
hhmh, xoTopoe hjih yBenHieHHs cxopocTH pocTa Tpe6yea?c« qe- 

naTB MdJlHM . n P H 1HCTO KOHB6KTHBHOM HepeHOCe , BO3HHKai0n,eM 

b ycnoBHJix TOHHoro CTexHOMeTpHHecxoro cooTHomeHHH KOHqeH- 
TpaqHH aTOMOB a30Ta h a jikmhhhh , cxopocTB pocTa TeM Bfiime, 
neM BHine qaBneHHe CTexHOMeTpHHecKoii CMecn, xoTopoe onpe- 
qen*eTc* ckopoctbio acnapeHHH MaTepnana HCToiHHKa 5. Cko- 
Poctb HcnapeHH* npaxojHHecKH H e 3aBHCHT ot paccTo*HH* M es- 
qy hctohhhkom 5 h noqnoxKOH 4. BcneqcTBHe 3Toro, H3 M eHe- 
Hae paccTO«HH« Mexqy hctohhhkom 5 h noqnoxKoft no xpaHHea 
Mepe b npeqenax, H e npeBHraaiomax nonepeiHiae pasiiepa noq- 
jioxkh 4, He CKasasaeTc* H a cko P octh pocTa. 3to, b cbokj 
onepeqB, nosBonaeT P a6oTaTB c 6ojibhihmh SHaneHHmiH pasHo- 
cth Tennepa-ryp HCTOHHHKa 5 h noqnoxKH 4, yBejinneHHe koto- 
POH npHBoqHT k ysejiH^eHHiD cko P octh HcnapeHHK MaiepHana 
HCTOHHHxa 5 h , cooTBeTCTBeHHO , k qononHHTenBHOMy ysenHHe- 

HHD CKOPOCTH pOCTa MOHOKpHCTaJIJia . 
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B repMeTH3HpoBdHHOH poctoboh KaMepe 3 co6cTB6HH&ie na- 

PH HHTpHfla aniOMHHHH HCTOHHHKa 5 06pa3yK)T CMeCb CO CTeXHO- 
MeTpHHeCKHM COOTHODIGHH6M KOHIjeHTpaiJHH aTOMOB a30Ta H aniO- 

mhhhh • Ilpn 3tom o6ecne^HBaeTCH MaKCHMajiBHan ckopoctb poc- 
5 Ta MOHOKpncTanna, no cpaBHeHH© c nocTHraeMOH npH Tex xe 
ycjiOBHiix b npHcyTCTBHH h36htohho:to conepxaHH* B CMeCH 
a30Ta. 

nonyneHHa^ hhcjighheimh MSTOflaMH 3sbhchmoctb naBneHHH 

napOB HHTpHRa aniOMHHHH B repMeTH3HpOBdHHOH poctoboh KaMe- 

10 pe 3 ot TeMnepaTypw HCTOHHHKa 5 npejjCTaBneHa Ha 4>nr. 2 
KpHBoii A. HanpHMep, b cootbgtctbhh c kphboh A, TeMnepaTy- 
pe 2200 °C cooTBeTCTByeT pacneiHoe flaBneHne napoB, npn6jiH- 
3HTejiBHO paBHoe 10 0 MHnnn6ap. 

Jlynme npHcnoco6neHHNM nnn npoBeneHHH nocneflOBaTenLHHX 

15 UHKJIOB BHpanjHBaHHH MOHOKpHCTaJIJIOB HHTpHfla ailDMHHHH XBJISL- 

eTCfl BapnaHT BHpamHBaHHH 6e3 repMeTH3aqHH poctoboh KaMepbi 
3 , b stom cnynae MoxeT 6htb o6ecneneHO 6biCTpoe H3BJieneHHe 
BMpaqeHHoro MOHOKpncTanna . 

B cnynae Hcnonb30BaHH« nonKKpHCTannH^ecKoro HHTpn^a 

20 ajiBOMHHH* KaK MaTepnana HCTOHHHKa 5 a jiiomhhhk 9 BHpamHBaHHe 
MOHOKpHCTanna ocymecTBHOTT cnenyromHM o6pa30M. 

flo Havana HarpeBa hctohhhk 5, noflnosKy 4 h pocTOByio 
KaMepy 3 noaroTaBnHBaioT TaK xe KaK b npe^BinymeM BapHaHTe. 
IlpH BbipamHBaHHH MOHOKpHCTanna 6e3 repMeTH3auHH pocto- 

25 boh KaMepbi 3 , Tpe6yeTCH npefjoTBpaTHTB yTe^Ky H3 Hee napoB 
HCTOHHHKa 5. C 3toh qenBD b nonocTH 2, coo6maiomeHCH c 
Poctoboh KaMepOH 3, nepe3 3a3opH coeflHHeHHH ee nacTefl, 
hjih cneqnanBHo BbinonHeHHHe KaHana (He noKa3aHN) / co3nawT 
ypaBHOBeniHBaiomee naBneHHe a30Ta He HHxe TaKoro, KOTopoe 

30 co3naBajiH 6h co6cTBeHHHe napbi HHTpnna aniOMHHHJi HCTOHHHKa 
5 b 3 aMKHy tom o6BeMe. flaBneHHe a30Ta KOHTponnpyioT , H3Me- 
Phh ero b xono^HOH <iacTH nonocTH 2 , Bnann ot poctoboh Ka- 
Mepti 3. flnn H3MepeHH* npHMe HHeMbix b HacTOHnjeM MeTone naB- 
neHHH f 3aKnK)HeHHBix b flnana30He 1 - 2000 MHnnn6ap, H3Bec- 

35 TeH mnpoKHH cneKTp npn6opoB pa3nHHHoro npHHqnna neficTBHH: 
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Ha ocHoae TepMonapa, MeM6paHHhie h Hpyrae. HanpHMep, Moace* 
6bitb Hcnon&soBaH MeM6paHH6ifi MaHO-BaKyyMMeTp MEMBRANOVAC 
DM-12, BtjnycKaeMHH b nponaxy $>HpMoii LEYBOLD INFICON Inc. 

Bh6o P BenHHHHH HaBJieHHs asoTa b nonocTH 2 *Bn*eTC* 

KniOHeBHM HJIH nOCTHSeHHS BBICOKOH CXOpOCTH pOCTa MOHOXpH- 

CTanna HHTpnna anioMHHHH npn yMepeHHtix SHaneHRHx P a6oHeH 
TeMnepaTypa hctohhhk3 5 h pasHocTH Te M nepaTyp HCTo^Hnxa 5 
h nonnosKH 4. flnn nonyHeHH* MaxcHManBHOH cko P octh pocTa 
naBJieHne asoTa b nonocTH 2 b ycTaHOBHBmeMCH pa6oHe M tqm— 
nepaTypHOM pesnwe hohsho 6htb pasHo naBneHHio, cosnaBaeMo- 
My napaMH HHipafla amoMHHH* b 3 aMXHy tom o6-BeMe, HanpHMep, 
rep M e T H3HpoBaHHOH poctoboh Kanepe 3, HMewmHMH CTexnoMeT- 
pHnecKoe cooTHomeHne xoHneHTpannii aioMOB asoTa h araoMH- 

HHH . 

flasneHHe b nonocra 2, cooTBeTCTByx>mee MaxcHManBHofi 
cxopocth pocTa MOHoxpacTanna npn sanaHHoii pa6oweH TeMne- 
paType HCTo^HHKa 5, MoseT 6htb onpeneneHo no H3o6paHeHHOH 
na to. 2 kphboh A saBHCHMOCTH naBneHH* b MHnn H 6apax ot 
Te M nepaTyp H b rpanycax ijenBCH*. KpHBa* A noxasamaeT pac- 
neTHyio BenHHHHy nasneHH*, cosnaBaeMoro b saMXHyTOM oGBene 
CTexHOMe-rpHHecxofi CMecBio napos amoMHHH*, oSpasoBaHHbix hc- 
napenHeM Ma-repnana HCTOHHHxa 5, h asoTa, nns cnyna*, xo- 
rna MaTepnanoM HCTOHHHxa 5 rajwieTCfl hhtphd anioMHHHH. 

no Banana HarpeBa ycTa H aBnHBa»T MHHHManBHoe, HanpH- 
Mep, HecxonBxo MHnn H 6ap, HananBHoe nasneHHe asoTa b no- 
jiocth 2 h, cooTBeTCTBeHHO , b coo6maiomeHCK c HeH poctoboh 
xaMepe 3. B npoqecce HarpeBa HCTOHHHxa 5 naBneHHe asoia b 
nonocTH 2 noBbimaioT cooTBeiCTBeHHo pacneTHOMy pocTy nasne- 
hh* napos HCTo^HHxa 5, onpenenan Texymee npnpameHHe naB - 

JieHHH no XPHBOH A, *HP.2. TaXHM 06 P a30M, B KaXflHH MOMeHT 

b nponecce HarpeBa, nasneHHe b nonocTH 2 npeBBimaeT pac- 
HeTHoe « aB "e HH e napos HHTp Hfl a amowHHH* b poctoboh xanepe 
3 Ha BenHHHny nananBHoro naBneHH*, ycTaHaBnHBaeMoro b no- 
nocTH 2. OnncaHHan npoqenypa BH xona H a pa6oHHH pexHM bbi- 
pamnBaHHK HB^eTCH HaHnynnreH b tom CMbicne, hto no 3 Bon*eT 
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H36exaTB Ha stom 3Tane noTepB napoB anwMHHHH h npenoTBpa- 

THTB HX B03MOXHMH KOHTclKT C HeSanjHIIjeHHblMH SJlGMGHTaMH KOH- 

CTpyKi^HH ycTpoficTBa npn BBixone napoB aniOMHHH.£t 3a npenenw 
BHyTpeHHeH nonocTH poctoboh KaMepH 3* IIocneHHee HMeno 6h 
5 MecTo b cnynae, ecnn cooTBeTCTByiomee pa6oneMy pexHMy naB- 
neHHe a30Ta co3flaBanocB b nonocTH 2 no Hanana HarpeBa. B 
3tom cnynae ho Hanana HarpeBa a30T nocTynaeT b pocTOByio 
KaMepy 3 H3 nonocTH 2, a b npoqecce HarpeBa, BcnencTBHe 
o6pa30BaHHH napoB HHTpH^a aniOMHHHH, aaBneHHe b pocTOBofi 
10 KaMepe 3 cTaHOBHTCH BHme BHemHero h nacTB cMecn a30Ta h 
napoB anioMHHH^ BBia?ecHaeTCH H3 Hee b nonocTB 2, npn stom 

BHyTpH pOCTOBOH KaMepH 3 6yneT COXpaH#TBC5I H36HTOHHOe co- 

nepxaHHe a30Ta, TopM03Jimee pocT MOHOKpHCTanna . 

Ha <I>Hr. 3 H3o6paxeHO ceMeficTBo kphbhx, cooTBeTCTByjo— 
15 qnx TpeM pa3nn*iHHM TeMnepaTypaM, 3aBHCHMocTH ckopocth 
pocTa MOHOKpHCTanna HHTpHjqa anioMHHHH (b MHnjiHMeTpax b 
nac) ot BeJiHHHHH flaBJieHHH a30Ta (b MHnnn6apax) b nonocTH 
2, paBHoro nonHOMy naBneHHK) CMecn a30Ta h napoB anioMHHHii 

B pOCTOBOH KaMepe 3 . Tpa$HKH COOTBeTCTByK)T pa3HOCTH TeM- 

20 nepaTyp Mexay hctohhhkom 5, MaTepnanoM KOToporo cnyxHT 

HHTpHfl aniOMHHHH 9 H nOflnOXKOH 4 paBHOH 70° C, H paCCTOHHHK) 

Mexny HCTOHHHKOM 5 h nonnoxKOH 4 paBHHM 4 MM. 3th rpa$HKH 
no3Bon^K)T onpenenHTB nnana30H OTKnoHeHHH ot CTexHOMeTpn- 
necKoro cooTHomeHH^i KOHqeHTpaqHH aTOMOB a30Ta h aniOMHHHH 

25 B CMeCH f He IipHBOflJimHX K CymeCTBeHHOMy CHHXeHHK) CKOpOCTH 

pocTa MOHOKpHCTanna , b nacTHocTH t BBi6paTB BenHHHHy Ha- 
nanBHoro naBneHHH a30Ta b nonocTH 2. 

Ilpn nepBOM BHpamHBaHHH b KOHKpeTHOM 3K3eMnn«pe pOCTO- 
BOH KaMepH 3 ckopoctb noflieMa paBneHHK a30Ta b nonocTH 2 
30 npn HarpeBe HCTOHHHKa 5 MoxeT 6htb yBennneHa no oTHomeHHio 
k onpenen^eMOH no kphboh A, to. 2, hto npHBe^eT k BHXony 
Ha pexHM BBipamHBaHH5i npn 6onBmeM H36iaTKe a30Ta b cocTaBe 

CMeCH B pOCTOBOH KaMepe H COOTBeTCTByiOlIjeMy CHHXeHHK) cko- 

pocTH pocTa. Ckopoctb yBenH^eHHH naBneHHH h, cootbctct- 
35 BeHHO, KOHeHHa^i BejiHHHHa naBneHH* a30Ta b nonocTH 2 b co- 
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OTB6TCTBHH C pe3yjIBTaTaMH npo6HHX BUpa.mHB3.HHH MOXeT 6ntb 

b najiBHeHmeM noflBeprHyTa KoppeKTHpoBKe , HcnpaBJwnomefi no- 
rpemHOCTH pacieTOB h H3MepeHHH TeMnepaTyp. 

B cnynae ncnonB30BaHH« MeTannHHecsoro an»MHHH« b xa- 
necTBe Maiepnana hctohhhks 5 aniOMHHH* Bapa^HBaHHe moho- 
KpacTanna HHTpHjja an»MHHH« ocymecTBJwnoT b poctoboh xaMepe 
3, coo6maK>meHca c noJiocT&io 2, aHanorHHHO npenanymeMy Ba- 
pnaHTy. Oco6eHHOCTBK> naHHoro BapnaHTa aBnaercfl OTcyTCTBHe 
a30Ta b MaTepnane HCTOHHHxa. 06pa3OBaHHe cMecn a30Ta h 
napoB amoMHHH« b poctoboh KaMepe 3 npoHcxon.HT 6naronapH 
nocTynnsHHK) b Hee a30Ta H3 nonocra 2. 

H3MeHeHne naBJieHH* a30Ta b iiojiocth 2 b nponecce na- 

rpeBa HCTOHHHX3 5 npOH3BOn«T B COOTBeTCTBHH C rpa^HKOM, 

H3o6paxaeMHM xphboh B, to. 2. Kpn B a« B noxasnBaeT pac- 
HSTHyx) BenHHHHy naBJieHHH, co3naBaeMoro b 3 aMKHy tom o6T>eMe 
CTexHOMeirpHiecKOH CMecBB napoB aniDMHHH*, o6pa30BaHHBix hc- 
napeHneM MaTepnana HCTOHHHxa 5, h a30Ta rtik cnyna*, xorna 
MaTepnanoM HCToiHHxa 5 HBnaeTca MeTannHnecKHfi aniOMHHHH. 

KpHBan B, cooTBeTCTByioma^ MeTanjinnecxoMy aniOMHHHio, 
npH y M epeHHHx TeMnepaTypax HCTOiHHKa 5 neMOHCTpnpyeT 6o- 
nee BHC0K08 nonHoe naBJieHHe CTexHOMeTpHiecKOH CMecH a30Ta 
h napoB ajuoMHHHH b poctoboh xaMepe 3, HQU KpHBaa A, COOT- 
BeTCTByiomaH HHTpnny an»MHHH*. nocxonBxy cxopoctb pocTa 
MOHOxpHCTanna HHTpana an»MHHH« npn yBsnHHSHHH naBneHH* 
CTexHOMeTpHHecKofl cm6ch asoia h napoB aniOMHHH* BospacTa- 
e-r, HcnonB30BaHHe MeTannaiecKoro amoMHHHJi b xanecTBe M a- 
TepHana HCTOHHHxa 5 an»MHHH* o6ecnenHBaeT 6onee BBicoxyio 
cxopocTB poca?a b npennoHTHTenBHoii n.n« npaxTHnecxoro npn- 
MGHeHHA HHSHefl nacTH flHana30Ha pa6oHnx TeMnepaTyp hctoh- 
HHxa 5, HHse 2400° C. HcnonBsoBaHHe MeTannnHecxoro aniOMH- 
hh* b KaiecTBe MaTepnana HCTO-JHHKa 5, nosBonneT H3Mep«TB 
ckopoctb pocTa MOHOKpHCTanna b nponecce BiapamHBaHHH no 
BeJiHHHHe pacxona a30Ta, Heo6xoflHMoro nnn nonnepxaHH* no- 
CTOHHHoro naBneHHH b nonocTH 2. 3to npenocTaBjineT bo3mox- 
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hoctb non6opa onTHMantHNx 3HaneHHH napaMeTpoB npoqecca 
HenocpencTBeHHO b npoqecce BHpamHBaHHH . 

npennoxeHHoe H3o6peTeHHe He orpaHHHHBaeTCH paMKaMH 
onHcaHHHx npHMepoB peanH3aijHH h nonycKaeT OHeBHflHHe cne- 

5 UHaJTCHCTy B fldHHOH o6JiaCTH TeXHHKH MOflH^HKdl^HH CnOC06a, H6 

BBixon>imHe 3a npeaejiN o6«BeMa H3o6peTeHHH, onpeflen^eMoro 
ero ^opMynoii. 
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3>OPMyJlA H30BPETEHHH 
Cnoco6 snHTaKCHanBHoro BEipamHBaHHH MOHOKpacTannHHe- 

CKOrO HHTpiffla aniOMHHHH H3 CMeCH a30Ta H napOB ajIK)MHHH5I t 

BKmoHaiomHH pa3MemeHHe b poctoboh KaMepe (3) Rpyr HanpoTHB 
npyra nonjioxKH (4) h HCTOHHHKa (5) a jikdmhhhh , HarpeB h 
nonflepxaHHe pa6onnx TeMnepaTyp HCTOHHHKa (5) h nonnoxKH 
(4), o6ecneHHBaiomHx, cootb6tctb6hho , o6pa30BaHHe napoB 
anioMHHHH b cocTaBe cmgch h pocT MOHOKpncTanjia HHTpnaa 
anioMHHHH Ha nonnoxKe (4), oTJiHHaromHHCH TeM f hto HaBneHHe 
CMeCH a30Ta h napoB aniOMHHHH b poctoboh KaMepe (3) no;q- 
HepxHBaiOT b HHTepBane 400 MHnnH6ap ot HHXHero 3HaneHHH f 
paBHoro naBneHHK), KOTopoe co3flaBana 6u b 3aMKHyTOM o6-&eMe 
CMecB o6pa3yiomHxcH napoB aniOMHHHH c a30TOM, HMeioman ohh- 
HaKOBHe KOHqeHTpai^HH aTOMOB a30Ta h aniOMHHHH. 

Cnoco6 snHTaKcnanBHoro BBipan^HBaHHH MOHoiepHCTannHHe- 
CKoro HHTpnna a ji k>mh hhk H3 CMecn a30Ta h napoB anioMHHHH, 
BKJiK)Ha»mHH pa3MemeHHe b poctoboh KaMepe (3) «pyr HanpoTHB 
flpyra nonnoxKH (4) h HCTOHHHKa. (5) aniOMHHHH, HarpeB h 
nonnepxaHHe pa6onHx TeMnepaTyp HCTOHHHKa ( 5 ) h noflnoxxn 
(4) f o6ecneHHBaiomHx f cootbgtctb6hho f o6pa30BaHHe napoB 

aniOMHHHH B COCTaBe CMeCH H pOCT MOHOKpHCTaJIJia HHTpHfla 

anmMHHHH Ha nojyioxKe (4), OTJiHHaromHHCH tgm, hto naBneHHe 
CMecn a30Ta h napoB anioMHHHH b poctoboh KaMepe (3) no**- 
HepxHBaroT b HHTepBane 400 MHnnH6ap ot HHXHero 3HaHeHH*, 
paBHoro flaBneHHio, C03naBaeM0My b 3 aMKHy tom o6i>eMe CMecBio 
o6pa3yiomHxc5i npn TeMnepaType HCTOHHHKa (5) napoB anioMHHH*: 
c a30TOM, HMeron^eH ojjHHaKOBBie KOHqeHTpaijHH aTOMOB a30Ta h 

aHKDMHHHH. 

2. Cnoco6 no n. 1 oTJiH*iaiomHHC5i TeM, hto aaBneHHe CMe- 
ch a30Ta h napoB anioMHHHH b poctoboh KaMepe (3) noflflepxH- 
BaroT 6jih3khm k HHXHeMy 3HaneHHio 3anaHHoro HHTepBana. 

3. Cnoco6 no n. 1, OTJiHHaoiqHHCH TeM, hto b KanecTBe 
MaTepnajia HCTonmnca (5) aniOMHHHH HcnojiB3yioT hhtphjj anioMH- 
hhh, pocTOByio KaMepy (3) no Havana HarpeBa BaKyyMHpy»T h 
repMeTH3Hpyx)T f h npoBon^T BBipan^HBaHHe MOHOKpncTanna hht- 
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pH^a anwMHHHH npn hhkhgm 3H£ih6Hhh 3apaHHoro HHTepBana 
HaBJieHHH cMecH a30Ta h napoB anioMHHH^, co3RaBaeMOH b poc- 
toboh KaMepe ( 5 ) HcnapeHHeM MaTepHana HCTOHHHKa . 

4. Cnoco6 no n. 1, OTnHHaroquHCH TeM, hto b KanecTBe 
5 MaTepnana HCTOHHHKa ( 5 ) anDMHHHH HcnonB3yioT hhtphjj ajiioMH- 

hpw , pocTOByio KaMepy ( 3 ) , coo6maiomyK>CH c bhgiiihhm npo- 
CTpaHCTBOM t noMemaroT b aTMoc$epy a30Ta, aaBneHHe KOToporo 
no^nepxHBaiorr b npejjenax 3a^aHHoro HHTepBana jjaBneHHH. 

5. Cnoco6 no n. 1, OTnHHaiomHHca TeM, hto b icanecTBe 
10 MaTepaana HCTOHHHKa (5) anioMHHHK Hcnon&3yK>T MeTannHHecKHH 

ajiioMHHHH , pocTOByio KaMepy ( 3 ) , coo6maiomyiocfl: c BHemHHM 
npocTpaHCTBOM, noMemaiOT b aTMoc^epy a30Ta, zjaBneHHe koto- 
poro noHflepxHBa»T b npenenax 3anaHHoro HHTepBana naBjie- 

HHH. 

15 6 . PocTosa* KaMepa ( 3 ) nnx snHTaKCHaiiBHoro BBipamHBan- 

hhh MOHOKpHCTannnHecKoro HHTpnna aniOMKHH* H3 CMecH a30Ta 
h napoB anroMHHH^, BHnonHeHHa* c bo3moxhoctbio pa3MemeHH* 
BHyTpH nee HCTOHHHKa ( 5 ) anioMHHH^ h nonnoxKH ( 4 ) , HarpeBa 
h no«nepxaHH^i TeMnepaTyp HCTOHHHKa ( 5 ) h nofljioxKH ( 4 ) , 

20 o6ecneHHBaromHX pocT MOHOKpncTanna HHTpHjja anioMHHH* Ha 
noflnoxKe (4), OTHH^aiomaiiCH TeM, hto MaTepnan KOHTaKTHpy©- 

meH C HCTOHHHKOM H napaMH anK)MHHHH nOBepXHOCTH pOCTOBOH 

KaMepa npencTaBn^ieT co6oh TBepflHH pacTBop Kapbnna TaHTana 
b TaHTane. 
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Oco6ue icaTcropKH ccmjtothux nocyMeHToe 
A floicywewr, onpencnjiJouiHH o6uihh ypoBCHk tcxhhkm 
E 6ancc puomn aokymcht, ho onydriMKOBaHHuft Ha nary 

MexAyKapooHOH noaasH win nouie nee 
O AOKyMenr, OTHoanunfic* k ycrooMy pacKpunao, 3kciiohh- 

pOBaHMO K TJL 

P flOKyM«fT. ony6nnKOBAHHuft no nzm MeamyHapoimofi no- 
aasH, ho nocnc nzm KcnpauiHBaeMoro npHOpKrrra 
nr. a. 

T uoKyMctrr. onyonHKOBaHHUH ao aani MeayiyHapoaHOH nonawH, 
ho nocne jiaTM HcnpauwaacMoro npnopinrra 


T oo/iee iio3ahhh aoicyMCHT, ony6nHKoaaHHMfi nocnc aanj 
npHopHTcra h npHtcscnnufi mis noHHMaHiu H33o6pereHHX 

X ilOlCyMCHT. HMOOUUHH HaHDOJiee OJ1H3JCOC OTHOUJCHHC K npCAMCTy 

noMcica, nopoMaaiMfi HOBimty h JOoOpcTarejikcKHti ypowKb 
Y soryMCHT, noposauurii H3o6pcTarcjibCKirii yposcm o cow- 

TaHHH C OAHHM HJ1H KCCKOJIbKMMH AO KyHC HT&MH TOH *C 
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naTcHTDM-aHanoroM 


Hara JieficTBHTe/ibHoro 3aBepuieHH* Me^cnyHapo/tHoro 
noHCKa: 1 0 okt«6pji 2000 ( 1 0. 1 0.00) 


flara ornpaBKH Hacrojiiuero OTHera o MOKflyHapoiwoM noHCKe: 
16 Ho*6p* 2000 (16.1 1.2000) 


HaHMCHOBaHwc h aapcc MeacayHapoiiHoro noHcicoBoro opraHa: 
OejepajibHbift HHCTHTyr npoMbiuuieHHOH 

COOCTBeHHOCTH 

Pocch*, 121858, MocKBa, EepeacKOBCKa* Ha6., 30-1 
(Paxc: 243-3337. TC^eraHn: 1 14818 nOJIAHA 


YnojiHOMOHeHHoe jihuo: 

E. riHcapCBa 
TejietpoH Nq (095)240-58-88 
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